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1. Introduction 


eae The lack of energy supply in rural areas is a typical problem in 
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issues is much serious, firstly, because of the China’s development 
strategy, the energy problems in rural areas have not been fully 
considered in the past decades, secondly, the energy structure in 
China rural areas decides that it will bring environmental and 
social problems. 

As the bulletin of national agricultural census showed over 60% 
of cooking energy are firewood and agricultural residues, even 
though large amounts of small-scale bio-energy projects were 
carried out in China’s countrysides [3]. Because of the lack of 
commercial energy supplies, primary energy sources are used for 
daily cooking and domestic heating in the rural areas, even in the 
resource-rich areas, only 0.7% households use biogas to cook, in the 
central and western areas of China, the coal gas & natural gas 
accounts only about 3.8% and 3.2% [4]. There are much agricultural 
residues produced in China every year, but large parts are 
ineffectively used or wasted [3]. If these agricultural residues 
can be transformed into biogas according to the status quo, it can 
generate 311.5 billion cubic meter biogas which can solve the 
shortage of energy in rural areas well [5], and if biomass is used 
effectively, that can solve the environment problems in great 
extent. There are about 2.61 billion tons of livestock and poultry 
waste produced in China [6], but most of them cannot be treated by 
science technology, what is worse, it stinks around the farm and 
spoils the ambient environment, moreover, the smoke produced 
by burned straws always not only affects human health but also 
affects the flight safety [1,7,8]. 

With the largest population in countryside and the develop- 
ment strategy changed in recent years, an escalating interest has 
been emerging for the analysis of rural energy issues in China [9]. 
The energy consumption and main characteristics [6-9], the 
development of biomass and another renewable energy system as 
well as its potential development [3,10], the lessons [11] and the 
effects [12] of developing bio-energy have been studied. However, 
the case studies analyzed the final results of development, 
however the ways to develop renewable system and their models 
have not been mentioned. In this paper, a developing sustainable 
energy system in the countryside of Jincheng City, Shan xi Province 
in China will be presented. The system developing in Jincheng and 
the benefits from this system will be analyzed. 


2. Description of the study area 


Jincheng is located in the northeast of Shanxi Province, whichis a 
very important energy producing Province of China, at 110°55/- 
113°37/E and 35°11’-36°04/N. The population of Jincheng is 
2.15 million and 75.7% is rural population, but the GDP of agriculture 
is only 8.86% of gross domestic product (GDP), and per capita income 
of farmer is 4435 Chinese Yuan [13]. 

The landscape in Jincheng is mainly mountainous and hilly 
terrain, the mountains and hills account for about 87% of all the area. 
As aresources-based city, Jincheng is fairly rich in resources, iron and 
coal resources are the richest categories of all resources, and since 
ancient times it known as the “iron and coal town”. Being rich in iron 
and coal resources supports the city’s socio-economic development, 
but also brings great pressure to the ecological environment and 
leads environment degradation. As shown in Table 1, the damage to 
the local ecosystem was huge, the land area damaged by mining was 
about 2.2% of all the region area, and pollution to soil and water was 
110.71 ha and 40.72 ha respectively until 2000. 

The local government has realized the problem, to prevent the 
situation becoming worse and to make it become sustainable 
development, they began to adopt the circular economy (CE) 
theory to guide the economic development. CE was introduced to 
China to address environment degradation and resources scarcity 
associated with rapid economic development [14,15]. CE princi- 
ples are applied in the plan of developing economy, society and 


Table 1 

Ecological damage caused by mining in Jincheng. 
Index NME NCME TLAD (ha) SPA (ha) WPA (ha) 
1986 1494 952 1566.35 86.26 35.62 
2000 1196 799 2057.27 110.71 40.72 


NME: number of mining enterprises; NCME: number of coal mining enterprises; 
TLAD: total land area damaged by mining over the years; SPA: soil pollution area 
caused by mining; WPA: water pollution area caused by mining. 


environment in Jincheng. The local authority takes many effective 
actions to push the plan, and in the energy aspect, they decided to 
develop the renewable energy to reuse materials in order to save 
resource and reduce pollution. 

The strategy to change the way of economics growing has got 
some marked results. Around the year 2007, Chinese government 
started Circular Agriculture Demonstration Projects in rural areas, 
that selecting 10 areas which the circular agriculture develop the 
best and most representative in China to start the program, and 
Jincheng became one of the ten demonstrative regions, because they 
had implied the circular economic theory in the development of 
agriculture, moreover their development of straw and methane gas 
projects in Jincheng is the best in China. 

The data about Jincheng used in this paper comes from the 
relevant documents and plans [16-18] of the agriculture bureau of 
Jincheng, the China Statistical Yearbook, and official website. 


3. Renewable energy developed in Jincheng 
3.1. The potentiality of renewable energy in Jincheng 


The main ideas of Jincheng’s circular agriculture development is 
as shown in Fig. 1. There are four recycling lines in the circular 
agriculture system, in this paper, we will analyze the line of clean 
energy and line of resource’s recycling. They are the main 
characteristics of circular agriculture developed in Jincheng. The 
core of the two lines is the renewable energy, by using the crop 
straw and livestock manure to produce biogas then use the biogas 
slurry and biogas residue to stimulate the production of crop. The 
biogas produced in the system, can be used for daily living energy, 
livestock raising energy, green house heating energy and 
electricity generating. At the same time, they also develop some 
other clean energy, such as solar energy and hydroelectric power, 
and the energy produced in these systems are all used in living and 
producing system. 

The arable land in Jincheng is 1.92 x 10° ha, the crops area is 
more than 2.2 x10°ha, and the production of stalk is about 
1 million tons. In 2007 the crop stalks is 1.2 x 10° tons and the 
livestock manure and human excreta is 2.9 x 10° tons. In China, 
the main approaches to straw utilization are papermaking, forage, 
rural energy resource, and recycling in field and collection 
(including some losses), and the function of being rural energy 
accounted for 53.6% [19], while in Jincheng only 52.6% crop stalks 
were comprehensively utilized, the others was burnt directly or 
discarded in the field and only 0.5% was used as living energy. 

In Jincheng, per 8 cubic biogas digesters can meet the living 
energy demand of a 3-5 people family. If the crop stalks, livestock 
manure and human excreta can be effectively transformed to biogas, 
it will meet the energy demand of rural area very well, so there is 
much potential capacity to develop biomass gas in Jincheng. 


3.2. The present status of renewable energy in Jincheng 
Since the 1990s, household biogas construction has been 


developed rapidly in rural China [20]. There are mainly five models 
of straw gasification and biogas in Jincheng: to develop household 
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Fig. 1. Circular agriculture system in Jincheng. 


biogas in the under developed areas, where the retail culture 
prevails, there are about 40,000 households at present. Over 80% 
households in more than 200 villages of this kind use biogas; 
develop integrated gas supplying projects in the cell culture areas, 
one of which can supply gas for 3-5 households. There are more 
than 5000 households benefiting from this model; in developed 
area, with rich straw resource, focusing on the development of 
straws gasification projects. In 2000 Jin Cheng established the first 
straw gasification station, and it has been running well, which 
plays an exemplary role in the city’s construction of straw 
gasification. By the end of 2006, there were 25 gas gasification 
stations, around 7000 households benefited from them, till now, 
there are 96 straw gasification stations and the benefited house- 
holds are over 36,000; in economically developed regions, where 
large-scale farms are widespread, develop large and medium-sized 
biogas projects, 156 large and medium-size biogas stations are in 
construction and completed. When they are all be completed, there 
will be about 32,000 households benefiting from them; in the 
mountainous areas which are relatively underdeveloped and weak 
in farming basis, promote the household biogas fermentation of 
pure straw and straw-generation fuel technology. Until October 
2007, there were 101,039 households benefited from renewable 
energy. 


3.3. The future of green energy in Jincheng 


As “ShanXi Province Jincheng Recycling-agriculture Construc- 
tion Planning (2008-2010)” shows that 300,000 households which 
account for 67% of all the farmers will use clean energy such as 
biogas, straw gas, solar energy, as shown in Table 2. By 2010, over 
80% of the straw and stalks will be comprehensively utilized, and 


over 80% of the livestock manure and human excreta will be 
processed and comprehensively utilized, of which 100,000 tons 
straw and stalks and 700,000 tons manure will be used in biogas. 


4. Benefits from biogas 
4.1. Economic benefits 


It is estimated that after the completion of the project in 2010, it 
can produce 40,000,000 cubic meters of biogas, 110,000,000 cubic 
meters straw gas each year. It brings the direct gain of more than 
0.15 billion yuan, by using organic fertilizer produced along with 
methane gas. Biogas digester can improve the quality of 
agricultural production and reduce the use of coal, chemical 
fertilizer, pesticides; through the promotion of culture and 
extension of the agricultural industry chain, there will be an 
indirect income as large as 1 billion yuan. 


4.2. Social benefits 


We can make full use of the cattle manure, human excreta, 
waste water, rural solid waste and agricultural residuals in the 


Table 2 
By 2010, the green energy projects and benefiting households. 
HB LMBP SGP SGFP SE Others 
Projects number - 240 112 18 - 


Benefit households 65,000 45,000 41,000 14,000 50,000 85,000 


HB: households scare biogas; LMBP: large and medium-seize biogas project; SGP: 
straw-generation fuel project; SE: solar energy; Others include coal-bed methane, 
and hydropower. 
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generation of biogas, in order to improve the living environment in 
rural areas. Meanwhile, it can produce high quality organic 
fertilizer as byproducts, which can be used in the production of 
vegetables, first it can reduce the use of chemical fertilizer, second 
using of biogas slurry can reduce the use of Pesticides, so that the 
production of safe vegetable will increase. Because using of biogas 
can reduce the volume of smoke indoor, thus it can result in a 
cleaner cooking condition, so the life quality in rural areas will be 
greatly improved, and the construction and maintain of biogas 
projects can increase the employment in this area. 


4.3. Environmental benefits 


After the completion of the projects, it can comprehensively 
utilize 940,000 tons crop straw, 1,400,000 tons cattle manure and 
human excreta which can save 9,000,000 tons coal each year. It can 
reduce the greenhouse gas emission by two ways: on one hand, 
using biogas as energy to replace the fossil fuels can cut down 
emission of carbon dioxide, on the other hand, via the technology 
of decomposing manure in producing biogas can reduce the 
emission of methane. Greenhouse effect of methane is over 20 
times stronger than that of carbon dioxide. Methane can release 
during the manure be exposured, composted or pulled directly 
spare areas. It is estimated that it will reduce 3,000,000 tons of 
carbon dioxide emission every year [16], and can effectively reduce 
the COD, BOD, ammonia and other organic matter content in the 
sewage of farm, decrease the pollution of manure and sewage to 
environment. 


5. Challenges and solutions 
5.1. Challenges 


Despite the of renewable energy develop very well in Jincheng, 
and the government also encouraged to develop clean energy by 
the means of direct subsidies and vigorously promotion of the 
convenience of biogas, etc. There are still some challenges to the 
further development of renewable energy. 


5.1.1. Economic barriers 

The cost of building and maintaining the biogas projects are an 
obstacle in the development of biogas [21], and it would lead some 
problems. Even though every household which built one biogas 
digester can get 1500 yuan subsidies from government, the 
households and the villages should invest about 2000 yuan. As 
the price of the materials used in biogas digesters rose, for example 
the price of brick doubled, and the wages of workers rose 40%, so 
the cost to build a biogas digester increased more than 800 yuan, 
but the subsidies stayed. And in some poor hilly areas, the farmers 
cannot afford the other part needed to build a biogas digester, 
because they live in the hilly areas, the cost to transport the 
materials is very high, so the lack of money is a critical barrier to 
the further development of biogas in Jincheng. 


5.1.2. Technical shortcomings 

Pyrolysis gasification technology which is applied in rural areas 
was designed and developed 20 years ago. Too much attention was 
paid to lower costs, by using a simple structured equipment which 
requires labor-intensive operation [3]. Some advanced bio-energy 
technologies developed in Western countries are too expensive for 
rural areas in China [3,21,22]. Even though some institutes and the 
government are making efforts to solve the problem, but for most 
the rural areas of Jincheng, the biogas digesters were designed 
simply to the level that only if they could produce gas. First it will 
impact the efficiency of gasification, second it will cause the issues of 
secondary pollution [21]. 


5.1.3. Lack of labor force 

In partial rural regions, there are more than 70% labor force go 
out to work and do business, which also cause some difficulties in 
developing the biogas. First, they do not have enough labor force to 
build the biogas digester, they have to employ workers to do the 
job, it is a big expenditure for some families; second, because the 
labor force leaves, only the elders and children left in home, they do 
not need use so much energy, so they may only use coal or some 
other materials as living energy; third, it earns more for the labor 
force to work in city, so they prefer the commercial energy. Forth, 
in some villages, as the price of piglets is too high, which increases 
the risk of feeding, the lack of green feed and the disappeared labor 
force lead the declining free-rang farmers in rural areas year by 
year. It directly impacts the supply of materials of biogas 
production, because of less culture and farming. 


5.2. Solutions 


5.2.1. Increase the subsides and other support policy 

Jincheng is the demonstrative region of recycling agriculture, it 
has great social, economic and environmental benefits. Green rural 
energy as an important way of circular agriculture, more 
governmental subsidies and other supportive policies, such as, 
tax reduction and low interest loan should be given for the further 
improvement [3]. Even the subsidy from central government is 
limited, the local government can make some policies to attract 
private capital and foundations to participate in the biomass 
gasification projects. 


5.2.2. Develop more forms of clean energy 

The local government can promotes hydroelectric and house- 
hold biogas fermentation of pure straw and straw-generation fuel 
technology and solar energy in the relatively underdeveloped areas 
with weak farming basis. Because Jincheng is rich in coal, there are 
much coal-bed gas produced each year, and the gas always be 
pumped to the city, so the outskirts of the city and the villages 
along the coal-bed methane gas lines can utilize coal-bed methane. 
The local government should develop various means to meet the 
green energy demand in rural areas. 


5.3. Research and introduce biogas technologies suiting for Jincheng 


The government should cooperate with the research institutes, 
for example, China Agricultural University, Shanxi Agricultural 
University and other colleges to research the technologies that are fit 
for the condition of Jincheng, and strengthen the technical training 
for farmers in order to introduce the advanced technologies better. 


6. Conclusion 


The development of renewable energy in resource-rich area is 
discussed. Jincheng’s development in biogas gasification is very 
well, by the end of 2010, there will be 300,000 households which 
accounts for about 67% of all the rural areas that benefit from the 
clean energy. It can produce 40,000,000 cubic meters of methane 
and 110,000,000 cubic meters of straw gas each year. It can directly 
increase revenue more than 0.15 billion yuan and the indirectly 
increase will be as large as 1,000,000,000 yuan. There will be 
940,000 tons crop straw, 1,400,000 tons cattle manure and human 
excreta comprehensively utilized, which can save 9,000,000 tons 
coal and reduce 3,000,000 tons emission of carbon dioxide every 
year. The development of green energy can improve the living 
standard in Jincheng’s rural areas greatly. Even it has made great 
success, but there are still some challenges, for example economic 
barriers and technology shortcomings, to promote the bio-energy 
further in this area, more work need to do. 
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